The growth of the flowering stalk of dandelion, Taraxacuwm officiiwle, is of considerable interest because of the presence of two distinct periods of rapid growth. The last of these precedes and accompanies the maturation of the fruit, and represents a resumption of rapid growth in what would normally be considered a mature organ. MIYAKE (8, 9) showed that growth of the dandelion scape may be divided into three phases: the first a fairly rapid, uniform growth, the second a phase of slow growth; and the third, a rapid growth in the upper portions of the organ. SCHmALFUSZ (10) showed that mitotic figures were present in elongating scapes up to the stage of shedding ripe fruits and were especially frequent preceding the periods of greatest scape elongation.
The growth of the flowering stalk of dandelion, Taraxacuwm officiiwle, is of considerable interest because of the presence of two distinct periods of rapid growth. The last of these precedes and accompanies the maturation of the fruit, and represents a resumption of rapid growth in what would normally be considered a mature organ.
MIYAKE (8, 9) showed that growth of the dandelion scape may be divided into three phases: the first a fairly rapid, uniform growth, the second a phase of slow growth; and the third, a rapid growth in the upper portions of the organ. SCHmALFUSZ (10) showed that mitotic figures were present in elongating scapes up to the stage of shedding ripe fruits and were especially frequent preceding the periods of greatest scape elongation.
As a part of a general study of the mechanism of cell elongation the experiments of MIYAKE and SCHmALFuSZ have been repeated and extended.
The data presented were obtained from extensive studies of the regions and periods of cell division and elongation in the dandelion scape, together with studies of cell volume, green and dry weight, and nitrogen content on a per cell basis.
Cell division and enlargement GROWTH OF SCAPE A uniform plot of uncut sod with a large proportion of dandelions was used for these studies. The dandelion scapes grew irregularly over a period of 32 days. In the first phase, which occupied about nine days in the material tested and lasted from the first appearance of the scape until the blossom opened, the scapes grew rapidly and uniformly throughout their length. The second phase, a period of slow scape growth, began just before the blossom closed and extended over a period of about twelve days, corresponding to the time of embryo development. The final phase covered an eleven-day period beginning sometime before the opening of the seed head and continuing for several days after all the seeds were dispersed. During this time the scapes again grew vigorously.
The growth curve for the whole scape, based on the average of values for forty typical scapes, is shown ( fig. la) Bud-scapes averaging 7.26 cm. in length were marked with India ink at 1-cm. intervals for the main growth experiment. Eight times during the period of development the lengths of the sections between markings were recorded. The average cell length in stripped epidermal sections from parallel material, mounted in water, was measured with an eyepiece micrometer at the same times. Cell length at each stage was determined for sections of the scape immediately under the floral parts (top), center-scape sections (center), and sections at the base of the scape (base). For each section at a given stage, twenty epidermal cell lengths were measured from each of four scapes and the average of these eighty cells used for estimations of changes in cell size and number. In parallel experiments bud-scapes as small as 1 cm. in length were marked with India ink to observe zonal growth, and epidermal sections were measured for cell length.
Data from these experiments are summarized (table I, fig. 2 ). In the earliest stages, before the bud-scapes were 5 cm. long, cell division was rapid in the upper portions of the scape as shown by the small or negative increase in cell lengths and the doubling in length of the sections. Basal sections showed less cell division; however, the small increase in cell length relative to section length at the 5-cm. stage is interpreted as cell division. At stage "A,," blossom open, all three zones grew rapidly and primarily by cell elongation. After the blossom head closed, the scape grew very slowly. The elongated cells in the sections at the top of the scape underwent an average of one division each, as the average cell length decreased by about half and the scape as a whole showed little elongation. In the middle of the scape cell divisions also occurred, but probably only about half of the cells (the longer ones) divided, and no more than one division occurred in any one cell. At the base of the scape there was even less activity, and probably only scattered cell divisions occurred in the longer cells, as the average epidermal cell length decreased only slowly and to a small extent.
During the last rapid growth of the scape, cell elongation again kept pace with scape elongation, indicating that few or no cell divisions occurred at this time. The most rapid growth took place at the upper end of the scape. The center of the scape showed less growth, and the base showed only a small amount of elongation.
Camera lucida drawings of epidermal cells from the center of typical dandelion scapes at the various stages, show the sequence of events in the cells during scape growth ( fig. 3) . The small cells seen in the bud-scape ( fig. 3A, 3B ) elongated until they attained a great length at the open blossom stage ( fig. 3C ). After the blossom closed, these extremely long cells began to divide ( fig. 3D) Top sections of bud-scapes showed the greatest increase in length in solution, blossom-scapes elongating moderately but not to the same extent, and the older scapes showing even less growth. The relatively great elongation of the bud-scapes was to be expected, since the cells of such scapes were small, and rapid growth of the intact organ normally occurs at this time. The elongation rate of sections of bud-scape in sucrose-auxin solution was comparable to that which occurred on the plant. Elongation of top sections of the scape of the closed flower, "F," did not approach that attained in the plant, sections elongating only 50%o under the most favorable conditions of temperature and indoleacetic acid concentration. Nitrogen and dry weight changes Nitrogen determinations were made by the semi-micro Kjeldahl method, using essentially the procedure proposed by MA and ZUAZAGA (7) . Samples for fresh weight, dry weight, and nitrogen determinations were collected on the same days that cell lengths were studied, and comparable scape material was used. A comparison of total nitrogen with protein and non-protein nitrogen was made on sections from control parts of scapes at all critical stages, using the method outlined by BLANK and FREY-WYSSLING (3) for separation of protein and non-protein nitrogen. The total nitrogen, green weight, and dry weight, changes of three representative regions of the dandelion scape during growth are plotted (figs. 4, 5, 6 tein nitrogen in the bud-scapes was about 2.5 times as great as the amount of non-protein nitrogen. In the bud the floral parts were developing and the egg cells and pollen were being produced. Nitrogen was undoubtedly moving through the scape into the bud, but nitrogen per epidermal scape cell increased continuously and progressively from the time the scape was panied the opening of the seed head (roughly stages "E" to "G") the nitrogen per epidermal cell showed no increase. There was, in fact, some indication of a decrease of nitrogen per cell at this time, especially at the bottom of the scape ( fig. 6 ) which suggests a translocation of nitrogen out of the scape cells. The ratio of protein to non-protein nitrogen which had been constant at all preceding stages, now decreased, indicating that proteins were being digested, and probably that the products of digestion were moving out of the scape into the developing fruit.
The dry weight and fresh weight changes during the growth of the scape are plotted together with the nitrogen and epidermal cell length changes (figs. 4, 5, 6) . Dry weight per cell increased greatly during the first period of rapid cell elongation and remained practically constant during the period of slow scape growth after blossoming. During both periods of cell elongation the increase of fresh weight per cell was somewhat greater than the increase of dry weight per cell.
Discussion
In general, epidermal cell length and protein nitrogen, non-protein nitrogen, dry weight, and fresh weight per cell increased and decreased at similar rates until the epidermal cells began to elongate rapidly for the second time, unaccompanied by a corresponding increase of total nitrogen or dry weight, and with only the fresh weight and non-protein nitrogen per cell showing any tendency to increase. The evidence that protein nitrogen formation occurred rapidly during cell elongation at flowering and only to a small extent, if at all, during divisions of cells after flowering was somewhat surprising in view of the widely existing impression that cell division involves great increase of protoplasmic material and that cell elongation involves little or none. The formation of proteinaceous material during cell elongation has been observed to occur in the coleoptile of Zea mays (5) and in the hypanthium of Oenothera acaulis (3) . In studies of growth of broccoli cotyledons evidence has also been found for protoplasm formation duringr cell enlargement. Cotyledons of seedlings germinated in sand and later transplanted into fertile soil enlarged three to four times after transplantation, whereas the cotyledons of seedlings remaining in sand showed little or no growth. No cell division was involved in this growth, cotyledon and cell enlargement being of the same order. In a typical experiment the cotyledon volume increased 3.71 times, total nitrogen 2.30 times, protein nitrogen 1.74 times, and non-protein nitrogen 2.73 times following transplantation. These data indicate that some substance, possibly available nitrogen, supplied by the more fertile medium was capable of reviving and extending cell enlargement in the absence of cell division in the cotyledons. The rapid rate of protein accumulation in these young, enlarging cells of the broccoli cotyledon is interesting, but a direct relationship between protein synthesis and cell elongation in general is not established, since cell elongation in intact dandelion scapes at the time of seed maturity occurred without increase of protein nitrogen per cell, and sections of young scapes in sugar and hormone solutions grew rapidly by cell elongation without additional nitrogen. The bud-scapes which elongated in solutions in the absence of an external source of nitrogen, however, had cells which were small and rich in protoplasm as elongation began. If cell enlargement occurs through the stimulation of a basic protoplasmic process which in turn brings about secondary effects (4, 11) , it may be that synthesis of protoplasm is not the direct means of bringing about cell enlargement, but that a sufficient supply of protoplasm is prerequisite to the initiation of the process. A relationship between protein synthesis and auxin synthesis may also be involved (1) .
Since elongation may accompany cell division in cells of the dandelion scape, or the two processes may occur independently, it would be of interest to discover which conditions stimulate cells to divide, which stimulate cells to elongate and under what conditions both processes occur more or less simultaneously. The two processes are undoubtedly more closely related and more nearly subject to the same stimulating mechanism than has been generally suspected. GOODWIN and STEPKA (6) have shown that the region of most active cell divisions in Phleum roots is also the region of most active cell elongation. Experiments reported in this paper have indicated that chemical reactions and synthesis of protoplasm are found in enlarging as well as dividing cells, and, in fact, that cell division in the dandelion scape does not necessarily involve protein synthesis. It may be that the difference between the mechanism stimulating division and that stimulating enlargement of cells is very slight.
The prominence of protein synthesis in the first period of rapid cell elongation in the dandelion scape and its absence in the second suggest that the stimulus for cell enlargement may be either internal or external to the enlarging cell. If this stimulus be hormonal, it may be postulated either that protein and hormone synthesis within the cell (1, 2) stimulates enlargement of the same eell, or that an external supply of hormone from active buds, leaves or fruits above may accomplish the same result. In the broccoli experiments, growth of the entire plant was checked by nutrient deficiencies and cell enlargement in the cotyledons stopped, to be resumed when a supply of soil nutrients made possible the general resumption of protein and presumably of hormone synthesis.
The effect of increasing temperature in accelerating the rate of cell elongation in sections of the scape clearly indicates the presence of limiting chemical reactions either in the wall or in the protoplasm and furnishes additional evidence of the complexity of cell enlargement processes. Summary A comparison of organ growth and cell growth was made in dandelion scapes of field plants. Cells were simultaneously dividing and increasing in length until the blossom began to open. At this time scape growth was accelerated and few or no cell divisions occurred. After the blossom closed, scape growth was very slow and cells were reduced in lenigth through cell division. As the seed head opened, the scape again grew rapidly by cell elongation. During the first rapid elongationl the whole scape grew uniformly, although there were probably differences in the relative roles of cell division and elongation in the upper and lower portions, but during the second rapid elongation most of the growth took place at the upper end of the scape.
One-centimeter sections of small bud-scapes elongated rapidly in nonsterile, indoleacetic acid-sucrose solutions, tripling their length in several days under the most favorable conditions. The rate of cell elongation was accelerated by increasing temperatures from 00 to 250 C. The importalnce of chemical reactions in cell enlargement is indicated.
Total nitrogen as well as protein nitrogen, fresh weight, and dry weight per cell increased during the first rapid growth of the scape. During the second period of rapid elongation, dry weight and protein nitrogen per cell decreased, and fresh weight and non-protein nitrogen per cell increased only slightly. Protein synthesis may or may not accompany cell elongation in scape tissue, and the hypothesis is advaniced that cell enlargement may be stimulated either by hormones produced during protein synthesis within the enlarging cell, or by hormones moved from a center of cell activity external to the stimulated cells.
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